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The alterations of keratinocyte surface and basement 
membrane markers by treatment with 8-methoxypsora-
len (8-MOP) plus long-wave ultraviolet (UV A) light 
(PUV A) were examined in guinea pig skin using immu-
nofluorescence (IF) microscopy. Following a single 
PUVA treatment (UVA doses: 1.8-7.2 J/cm2), reactivity 
with pemphigus and pemphigoid sera, rabbit anti-guinea 
pig epidermal cell serum, and fluorescein-conjugated 
concanavalin A was decreased in intensity in a dose-
dependent fashion. Fluorescence became distinctly less 
pronounced by day 2 postirradiation and recovered be-
tween days 6-10. IF with rabbit antiglomerular base-
ment membrane antibodies, which cross-reacted with 
the basement membrane of the skin, apparently was 
unaltered within this energy dose range. 8-MOP or UV A 
alone did not change the reactivity with any reagent. 
These results suggest that PUV A treatment affects ker-
atinocyte membrane markers and pemphigoid antigens 
but not some of the basement membrane antigens. 
Acute phototoxic injuries induced by psoralen compounds 
and long-wave ultraviolet (UV A) ligh t (PUV A treatment) result 
in notable alterations in cellular DNA synthesis both in vitro 
[1] a nd in vivo [2,3]. These changes appear to be the resul t of 
bifunctional and/ or monofunctional photoproducts between py-
rimidine bases, primarily thymine, and the psoralen molecules. 
PUV A treatment may also produce acute photo toxic injuries 
to various molecules of proteins [ 4,5]. In contrast to the DNA 
effects, this protein damage appears to be oxygen dependent 
and thus represents a photodynamic response [4]. However, 
less attention h as been paid to the effects of PUV A on the cell 
membrane. 
In this study, we examined the alterations of several keratin-
ocyte surface and basement membrane markers in PUV A-
treated guinea pigs using immunofluorescence (IF) microscopy. 
MATERIALS AND METHODS 
Reagents 
The following reagents were used for examining the reactivity of 
ant igenic or binding sites: (1.) se ra from 3 patients with pemphigus 
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Abbreviations: 
AES: anti -guinea pig epidermal cell serum 
BMZ: basement membrane zone 
Con-A: concanavalin A 
FITC: fluorescein isothiocyanate 
GBM: glomerular basement membrane 
IF: immunofluorescence 
8-MOP: 8-methoxypsoralen 
PBS: phosphate-buffered saline 
PUV A: psoralen plus long-wave ultraviolet 
UVA: long-wave ultravio let 
vulgaris (antibody titers de te rmined by indirect IF X 64-160, working 
dilutions X 20-80) ; (2) sera from 3 patients with bullous pemphigoid 
(antibody tite rs x 80-320, working dilutions x 20-80); (3) rabbit a nti-
guinea pig epidermal ce ll serum (AES) (antibody t iter x 640, working 
dilutions X 40-160). AES was raised in a rabbit by repealed inj ections 
of enzymatica lly dispersed guinea pig epidermal cells, and was made 
specific by absorption with guinea pig red blood cells, spleen cells, 
thymocytes, a nd liver powders. The specificity toward guinea pig epi-
dermal cells was confirmed by complement-mediated cytotoxicity, IF 
techniqu es [6] , and immunoferritin e lectron microscopy [7]. The bind-
ing sites of AES on guinea pig epidermal cell membra nes were shown 
to be different, at least partia lly, from those of pemphigus antibodies or 
concanava lin A (Con-A ) [8]; (4) fluorescein isothiocya nate (FITC)-
conjuga ted Con-A (protein concentration 2 mg/ ml, A.n,J A~"" = 0.65 
work ing dilutions x 5- 20). Conjugation was performed according to th~ 
method of de Petris [9] at the weight ratio of 25 J.Lg of FITC powders 
per mg Con-A. The conjugate was purified by affinity chromatography 
on a G-25 column and dia lyzed aga inst 1 M sodium chloride solu t ion· 
and (5) ra bbit ant iglomeru.la r basement membrane (ant i-GEM) anti ~ 
bodies (ant ibody t iter X 320, working dilut ions X 40-160). The a nt i-
bodies were ra ised in rabbits by the method of Spiro [10] by 2 foo tpad 
injections with the bacte rial collagenase-soluble bovine GBM . The IgG 
fraction was obtained through Sephadex G-25 and DEAE cellulose 
column chromatography. By indirect IF the lgG ant ibodies reacted no t 
only with the GEM but a lso the basement membrane zone (EMZ) of 
the skin and the walls of dermal vesse ls, sweat glands, and ducts. All 
reagents were stored in a liquots at -80°C un t il use. 
Light Source 
For UV A light , an ins trument with 10 20-W blacklight t ubes was 
used. These tubes (Toshiba FL 20S BLE) emi t wavelengths of 300-400 
nm, peaking at 360 nm (ma inly UVA). The total energy outpu t of this 
instrument was 16.6 mW /em~ at a distance of 30 em. Energy a mounts 
applied were determined wi th the a id of a UV radiometer (Tokyo 
Kogaku), t he spectra l sensit ivi ty of which ranges from 310-400 nm wi th 
its peak at 365 nm. 
PUVA Treatment 
The backs of a lbino gu inea pigs (Hartley stra in, 300-500 g body 
weight, male) were plucked and shaved and thereafter a commercia lly 
ava ilable 1% solu tion of 8-methoxypsoralen (8-MOP) in 
ethanol :acetone:propylene glycol (7:2:1 in vols) (Oxsoralen lotion, 
T aisho Pharm. Co., Tokyo, Japan) was applied topica lly over one side 
of the back of each animal (approximately 10 J.Ll /cm~ of the skin 
surface). The other side was untreated. One hour late r the whole skin 
area was irradiated with UV A. UV A was administered in a tota l single 
dose ranging from 1.8-7.2 J /cm2. This energy dose range was approxi-
mate ly equal to Vi-2 minimal phototoxic doses. E ighteen guinea pigs 
were used. In addition, controls included 2 guinea pigs which were 
given only the top ical application of the drug. 
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Four-millimeter punch biopsy specimens were taken from PUV A-, 
UVA only-, and 8-MOP only- t reated areas at various t ime in te rva ls, 
i.e., 0, 1, 3, 6, and 12 h and up to 14 days after the treatment. Each skin 
specimen was cut in to 2 pieces: one was fixed with 3.7% formaldehyde 
to be processed for routine hematoxylin and eosin stain and the other 
half was snap-frozen in a dry ice-acetone mixture and stored at -sooc 
until it was used for IF microscopy examination. 
Immunofluorescent T echniques 
Six micrometer-thick sections were prepared on a cryostat at -20°C. 
After being a ir-dried, sections were incubated with d ilu ted pat ients' 
sera or ra bbit antisera for 30 min at 25°C, rinsed in phosphate-buffered 
saline (PBS) pH 7.4, and then stained with FITC-conjugated rabbit 
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antihuman IgG (F / p molar ratio 1. 74, Dakopatts Laboratories, 1:20 
diluted) or FITC-conjugated swine antirabbit immunoglobulins (F / p 
mola1· ratio 1.65, Dakopatts Laboratories, 1:20 diluted) for 30 min at 
25°C. In the case of Con-A-FITC, sections were rinsed briefly in PBS 
and stained with the reagent for 1 h at 25°C. All sections were rinsed 
again, mounted in buffered glycerol, and examined in a Nikon fluores-
cence microscope with a 200-W high-pressure mercury lamp and epi-
illumination ultraviolet optics. Examination of the specimens was per-
formed by 2 persons-one of the authors (KD) and a person without 
knowledge of the experimental groups-using 6-9 sections per animal 
for each reagent. 
Appreciation of the Intensity of Immunofluorescence 
The intensity of IF was relatively graded as negative (-), slightly 
positive and partially negative (±), weakly positive (1+), and moder-
ately positive (2+), compared to that in the control specimens which 
was determined as remarkably positive (3+) . 
RESULTS 
Immunofluorescent Findings 
The results are summarized in Fig 1 (a-f) . 
Immunofluorescence with pemphigus sera (Fig 1a) was un-
changed by 24 h postirradiation and decreased notably in 
intensity by day 2. Intensity of IF showed a dose-dependent 
reduction and with the highest energy dose (7.2 J /cm2 ) IF was 
almost nonexistent over the epidermis. IF was restored by day 
6. 
The PUV A treatment also suppressed the intensity of IF 
with AES (Fig 1b) , which was localized on the epidermal cell 
membranes. With higher energy doses (3.6 and 7.2 J /cm2) , IF 
bega n to decrease in intensity earlier (by 12 h) and was almost 
absent on day 2. IF was recovered by day 8. 
Within the epidermis the reactivity with Con-A-FITC was 
seen on the epidermal cell membrane and at the BMZ. Fluo-
rescence on the cell membrane (Fig 1c) was remarkably de-
creased in intensity by day 2 and restored by day 10, while 
fluorescence at the BMZ was not altered within the energy dose 
range used (Fig 1d) . 
Immunofluorescence with pemphigoid sera (Fig. 1e) was no-
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FIG 1. Alterations of keratinocyte surface and basemen t membrane 
markers by a single PUV A treatment. The intensity of immunofluores-
cence (IF) in the ordinate was relatively graded from - to 3+ (detail, 
see Text). The energy amounts of UVA administered were 1.8 
(..___.), 3.6 (0 ---0 ), and 7.2 J /cm2 (6 ---6 ). AES =anti-guinea pig 
epidermal cell serum, BMZ = basement membrane zone, Con A = 
concanavalin A, GBM = glomerular basement membrane. 
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tably decreased in intensity by day 2: with lower energy dose 
(1.8 J/cm2), a weak, granular fluorescence was still visible at 
the BMZ, while higher energy doses (3.6 and 7.2 J / cm 2 ) almost 
eliminated the IF. Following exposure with 7.2 J / cm2, a de-
crease in intensity started by 12 h. IF was r ecovered by day 10. 
Immunofluorescence with rabbi t anti-GBM antibodies (Fig. 
1{) was obviously unchanged within the ent ire dose range used 
in this experiment , although with 3.6 J / cm 2 a slight decrease in 
intensity was shown on day 4. 
By either UV A irradiation or 8-MOP application alone, there 
was apparently no alteration in IF with any reagent throughou t 
the experimental period. 
Histologic Findings 
With the dose of 1.8 J / cm2 no gross morphologic changes 
were observed through the experimental period. A single shot 
of 3.6 or 7.2 J /cm1 produced mild to remarkable acanthosis and 
occasionally individual cell necrosis, so-called sunburn cells, 
between days 2- 6. These changes gradually regressed and be-
came less pronounced by days 8-10 (3.6 J / cm 2) or by day 14 
(7.2 J / cm1 ) . With 7.2 J / cm2, slight, partial inter cellular edema 
was also noted between days 2-6. Massive degeneration or 
necrosis of the epidermis never occurred. A dermal infiltration 
was always minimaL 
DISCUSSION 
The therapeutic PUV A treatment diminished the intensity 
of IF with pemphigus sera, AES, and Con-A-FITC in a dose-
dependent fashion. Since these a ntibodies or reagents have 
different binding sites on the keratinocyte plasma membra ne 
(8,11], PUVA treatment seems to affect the reactivity with 
various keratinocyte membrane markers. The mechanisms for 
the loss of membrane markers ar e obscure. The most plausible 
explanat ion for this finding might be the damage by PUV A to 
the membrane glycoproteins which would lead to the altera-
tions of the membrane markers. This protein damage may be 
oxygen dependent as is the case with other proteins [ 4]. Alter-
natively, the loss of membrane markers may result from a 
decrease in amounts of the antigenic or binding substances in 
the cell membrane that follows the suppression by PUVA of 
the central metabolic system including photoinjuries of DNA 
molecules [3). 
Within the energy dose range used, PUV A treatment did not 
produce massive necrosis of the epidermis. The alterations in 
the membrane proteins were nearly repaired by 6-10 days 
postirradiation, although the repair mechanisms are unknown. 
UVA or 8-MOP alone did not change the membrane markers. 
These findings are in keeping with the data of Aberer et al [12] 
which demonstrated that large doses of UV A depleted Langer-
hans cell membrane markers but not eliminate IF with pem-
phigus antibodies. 
We used energy amounts of UVA ranging from 1.8-7.2 J /cm2 
in the presence of the 1% 8-MOP solution. Following the PUVA 
treatment with a similar regimen, Okamoto and H orio (13) 
demonstrated a significant decrease in the number of ATPase-
positive dendric cells (Langer hans cells). It is likely therefore 
that the PUV A treatment affects both Langerhans cells and 
keratinocytes. 
Another interesting aspect of our study relates to the base-
ment membrane changes. The acute response to the adminis-
tration of PUV A resulted in a loss of deposition of pemphigoid 
antibodies but not the anti-GBM antibodies. Since pemphigoid 
antigens are expressed on the basal cell membrane and part of 
the lamina Iucida [14] , this would suggest t hat anti-GBM anti-
bodies may be directed against a different structure in the 
BMZ. The latter antigens may consist mainly of noncollagenous 
matrix glycoproteins of the basal lamina [15]. Sugar residues 
detected by Con-A at the BMZ may be less susceptible to 
PUV A treatment than those on the epidermal cell membrane. 
This may resul t from a qualitative difference of the receptors 
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between these two areas or be due to steric and charge distri-
bution factors, since Con-A combines to every moiety contain-
ing mannose and/or glucose molecules [16]. Alternatively, since 
we used a relatively high concentration of the Con-A conjugate 
(massive deposits were shown at the BMZ), a minute change 
there would not be detected. Photoinjuries of other membrane 
glycoconjugates are to be further elucidated. 
We thank Ms. Michiko Hatsuoka and Ms. Rie Matsuo for technical 
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Effects of Retinoid (Ro 10-9359) on the Plasma Membrane of 
Keratinocytes in Patients with Psoriasis: A Freeze-Fracture Analysis 
YASUO KITAJIMA, M .D., PH.D. AND SHUNJI MORI, M.D. 
Department of Dermatology, Gifu. University School of M edicine, Gifu. City, Japan. 
Although many thin-section ultrastructural studies 
have recently b een carried out on the effects of retinoids 
on psoriatic ·skin, few freeze-fracture studies have been 
performed. Since keratinocyte membrane disturbances 
may be involved in psoriasis and since retinoids bio-
chemically affect biologic membranes, we employed a 
freeze-fracture technique to study the effects of retinoid 
on the junctional and internal structures of membranes. 
Lesional and nonlesional skin was biopsied from 5 pa-
tients with p !joriasis vulgaris before and 3 of them after 
oral treatment with 50 mg of etretinate (Ro 10-9359) per 
day for 4 w eeks. 
The most r emarkable finding was the reduction in size 
of desmosomes-from 0.43 ± 0.07 J.tm to 0.23 ± 0.08 J.tm 
diameter in spinous cells and 0.35 ± 0.03 J.tm to 0.14 ± 
0.03 J.tm in horny cells i'n lesional skin. Similar results 
were obtained in nonlesional ski.p.. This reduction in 
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Abbreviations: 
IMP : in tramembranous particle 
desmosomal size .11ppears to be large enough to produce 
an extensive exfoliation. It was also of great interest that 
the intramembranous particle density on the P face (the 
fracture face of the protoplasmic half-layer) of the spi-
nous cell plasma membranes was 1140 ± 57 /J.tm2 in le-
sional and 429 ± 89/J.tm2 in nonlesional skin before treat-
ment, and 1184 ± 93/J.Lm2 and 1179 ± 147 /J.Lm2 after 
treatment, respectively, although the lesions were clini-
cally resolved. This may suggest that the agent does not 
revert the keratinocyte membrane from a psoriatic to a 
normal state despite clinical improvement. Many open-
ings of pinocytotic (or exocytotic) vesicles were pro-
duced on the plasma membranes of keratinocytes. This 
was associated with the appearance of fine granular 
substances (so-called mucous-like substances) in the in-
tercellular spaces. 
It is well known that systemic therapy with vitamin A and its 
derivatives, termed retinoids, including the aromatic retinoid 
etretinate, ethyl all-trans-9-(4-methoxy-2,3,6,-trimethyl-phe-
nyl)-3,7-dimethyl-2,4,6,8-nonatetraenoate, Ro 10-9359, is clini-
cally effective in the treatment of psoriasis and in other disor-
ders of keratinization. The dermatologic aspects of these com-
pounds have been reviewed by Fritsch [1], Peck [2], and Elias 
and Williams [3]. 
